Background: Despite remarkable improvement in renal function attributable to kidney transplantation, the burden of cardiovascular disease (CVD) among kidney transplant recipients (KTRs) remains high in the post-transplant period. Aggressive use of statins in KTRs may make lipoprotein ratios correlate better with atherosclerotic vascular disease (AsVD) when compared with traditional lipid profile parameters. We therefore evaluated the clinical and echocardiographic correlates of AsVD among non-diabetic, stable, black KTRs in South Africa. Methods: This was a cross-sectional study of 41 adult (18-65 years), non-diabetic, stable KTRs and 41 age-and sex-matched healthy controls. An interviewer-administered questionnaire was used to obtain information on participants' sociodemographic and cardiovascular risk factors. Anthropometric parameters were measured. Urine and blood samples were obtained and analyzed. Echocardiography was performed and carotid intima media thickness (CIMT) was assessed in both right and left carotid arteries. Spearman's rank correlation and binary logistic regression were performed to determine the relationship between CVD risk factors and AsVD. Results: AsVD was present in 46.3% of KTRs compared to 17.1% of healthy controls (p = 0.004). Left ventricular hypertrophy was present in 92.7% of the KTRs. There were statistically significant differences in waist-hip ratio, systolic blood pressure, mean arterial pressure, urine albumin-creatinine ratio, serum fibrinogen, serum creatinine, estimated glomerular filtration rate, left atrial diameter, left ventricular mass (LVM), and left ventricular mass index (LVMI) between KTRs and controls. A positive relationship was seen between CIMT and certain risk factors for CVD including LVM, LVMI, and mitral valve deceleration time, (p < 0.001). Castelli index 2 and lipoprotein combine index (LCI) showed positive correlation with CIMT. On multivariate analysis, increasing age and kidney transplant status were independent predictors of AsVD after controlling for other risk factors. Conclusion: AsVD was common among KTRs. Older age and kidney transplant status independently predicted AsVD. Castelli index 2 and LCI correlated with AsVD better than serum lipid parameters.
Introduction
Kidney transplantation offers a greater survival benefit compared to dialytic therapy in end-stage kidney disease (ESKD) patients; 1 however, a high prevalence of cardiovascular disease (CVD) among kidney transplant recipients (KTRs) predisposes them to increased mortality in comparison to healthy controls. 2, 3 Risk factors for vascular disease identified among KTRs in an American study included age, sex, cigarette smoking,
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Oguntola et al pre-transplant splenectomy, and serum albumin. 4 Traditionally, a favorable lipid profile among black Africans was identified as the reason for a lower prevalence of atherosclerotic vascular disease (AsVD) and ischemic heart disease, despite the presence of other cardiovascular risk factors. 5 However, a rise has been reported in the prevalence of dyslipidemia and ischemic heart disease in the urban black population of South Africa. 6, 7 This trend has been attributed to increasing urbanization, changes in diet, and a reduction in physical activity. 8 Additionally, the high prevalence of both traditional and chronic kidney disease (CKD)-related cardiovascular risk factors among ESKD patients has contributed to the high risk of AsVD among this group of patients. A case-control study among black South African ESKD patients reported a higher prevalence of carotid plaques among ESKD patients on maintenance hemodialysis (38.1%) when compared with controls (7.9%). 9 Furthermore, Muhammad et al 10 found left ventricular hypertrophy (LVH) to be prevalent among KTRs and also reported that a longer duration on dialysis, cigarette smoking, higher cumulative steroid dose, increased carotid intima media thickness (CIMT), and increased waist circumference predicted the presence of LVH. In view of the aggressive use of lipid-lowering medications in CKD and post-kidney transplantation, use of conventional lipid profiles for cardiovascular risk assessment in this group of patients may not provide the whole picture. Lipoprotein ratios may correlate better with AsVD than lipid profile parameters. The discriminatory and predictive power of total cholesterol (TC)/ high-density lipoprotein (HDL) was found to be superior to either TC or HDL. 11 Lipoprotein ratios have been shown to be superior to conventional lipid profiles in predicting coronary heart disease. 12 Furthermore, sociodemographic characteristics and possibly genetic variations may impact the cardiovascular risk among KTRs in our environment. Although some studies have evaluated CVD among black ESKD, maintenance dialysis, and renal transplant patients, 9 ,10 a significant knowledge gap of the risk factors for AsVD among stable, black KTRs in the absence of diabetes and inflammatory conditions still exists.
In view of the paucity of knowledge about AsVD among black South African KTRs, we evaluated the relationship of dyslipidemia and lipoprotein ratios to AsVD among nondiabetic, stable, black KTRs.
Methods
This was a comparative cross-sectional study of 41 adult (age 18-65 years) non-diabetic, stable KTRs and 41 age-and sexmatched healthy controls at a large urban public hospital in South Africa from January 2, 2017 to August 31, 2017. The study was approved by the Human Research Ethics Committee, University of Witwatersrand, Johannesburg, South Africa (Study number 160614). All participants provided signed informed consent before enrollment in the study. An interviewer-administered questionnaire was used to obtain information on the participants' sociodemographic and cardiovascular risk factors.
Waist and hip circumferences were measured with patients in an erect position and waist-hip ratios (WHR) calculated. Body mass index (BMI) was calculated using the formula mass/height 2 , while body surface area was calculated using the Mosteller formula. 13 Serum fibrinogen was determined using STA-R Max (Stago, Asnières-sur-Seine, France). A serum lipogram (TC, low-density lipoprotein [LDL], triglyceride [TG], HDL) was determined by an enzymatic colorimetric method using the Cobas 8000 modular analyzer series, module c701 analyzer (Hoffman-La Roche Ltd., Basel, Switzerland). Lipoprotein ratios were calculated as follows: atherogenic index of plasma = Log (TG/HDL); Castelli index 1 = TC/HDL; Castelli index 2 = LDL/HDL; non-HDL = TC-HDL; atherogenic index (AI) = non-HDL/ HDL; lipoprotein combine index (LCI) = (TC × TG × LDL)/ HDL. 14 The urine albumin-creatinine ratio was determined by an immunoturbidimetric assay, using a Tina-quint Albumin Gen.2 serum/plasma application kit, on the Cobas 8000 modular analyzer, module c502. Estimated glomerular filtration rate (eGFR) was calculated using the 2009 CKD-EPI formula. 15 All participants had echocardiography and CIMT measurements in accordance with the guidelines of the American Society of Echocardiography, 16 using a Philips iE33 echocardiography machine (Philips, Amsterdam, the Netherlands). CIMT was assessed using the vascular probe of the echocardiography machine, Philips IE33 (S5-1 probe) by focusing on the far wall of the common carotid artery, 1 cm proximal to the dilatation of the carotid bulb along the long axis of the artery. Automatic echo-generated measurements with percentage quality of 95% were recorded. The procedure was performed on both the left and right carotid arteries and the average used in analysis. 
Data analysis
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Correlates of atherosclerotic vascular disease in kidney transplant patients non-normally distributed data were presented as median and interquartile range (IQR). Comparisons were performed between KTRs and controls, and between participants who had AsVD and those who did not, using the Student's t-test for normally distributed data and the Wilcoxon rank-sum test for non-normally distributed data.
Spearman's correlation was used to determine the relationship between CIMT and cardiovascular risk factors among KTRs and controls. Multivariate regression analysis was performed to determine the relationship and contribution of cardiovascular risk factors to AsVD. Significance was taken as p<0.05. Post-regression analysis was performed to determine the goodness-of-fit of the final model.
Results
The median age was 39 years (IQR: 30-52) among KTRs while the median age among the control group was 41 years (IQR: 29-48), as shown in Table 1 . The most common causes of ESKD in the KTR population were hypertension-attributed CKD and glomerulonephritis (both n = 19, 46.3%).
All the KTRs were on calcineurin inhibitor (CNI)-based immunosuppressive therapy (with more than 90% on Tacrolimus while <10% were on cyclosporine), antimetabolites (30 [73.2%] were on mycophenolate mofetil, five [12. 2%] were on mycophenolic acid, four [9.8%] were on azathioprine, and two [4.9%] were on Leflunomide), and 5 mg maintenance prednisone daily. The majority (n = 38/41, 92.7%) of the KTRs had received deceased donor organs while three (7.3%) had related living donor transplantation. The median post-transplant follow-up duration was 4 years (IQR: 1-7) while median pre-transplant dialysis duration was 5 years (IQR: [4] [5] [6] 2 for females or ≤115 g/m 2 for males), and two (4.9%) had normal geometry. Using the combination of increased CIMT values (>0.55 mm) and the presence of plaques, AsVD was present in 19 (46.3%) KTRs compared to seven (17.1%) healthy controls, (p=0.004). CIMT was significantly increased among the KTRs compared to the controls (p=0.021). As shown in Table 2 , significant differences were seen between other echocardiographic measurements when KTRs were compared to controls. There was no association between CNI agents and AsVD, (c 2 = 1.46, p = 0.321). There was a statistically significant difference in Castelli 1 and 2 indices, AI, non-HDL, and LCI in those with AsVD compared to those without AsVD (Table 3 ). There were no statistically significant differences in the serum levels of TC, TG, LDL, and HDL. Spearman's correlation between CIMT and risk factors for CVD among KTRs revealed a positive relationship with LVM (r = 0.52, p < 0.001), LVH (r = 0.53, p < 0.001), LAD (r = 0.43, p = 0.007), age (r = 0.43, p = 0.005), and WHR (r = 0.39, p = 0.012) as shown in Table 4 . Of the lipid profile parameters and lipoprotein ratios in KTRs, only Castelli 2 index and LCI showed correlation with CIMT.
The multivariable model of the predictors of AsVD showed that KTR status confers an 11-fold risk of developing AsVD (OR = 11.22, 95% CI = 1.82-68.93, p = 0.009); Table 5 . The odds of developing AsVD was 17 times higher in subjects ≥40 years (p = 0.001). Age and KTR status were independent predictors of AsVD after correcting for WHR, KTRs showed that age >40 years independently predicted AsVD after adjusting for post-transplant follow-up duration, duration of dialysis and LVH, Table 6 . 
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Discussion
AsVD was significantly more prevalent among KTRs compared to controls in our study, with nearly half of the KTRs having AsVD. This is comparable with findings from previous studies. [17] [18] [19] Basiratnia et al 17 demonstrated a higher mean CIMT in KTRs compared to healthy controls. Similarly, Cader et al 19 found a significantly higher prevalence of increased CIMT among their cohort of KTRs. Although the control group in our study and the study by Basiratnia et al 17 were similar, in the study by Cader et al 19 the controls were CKD stage and cardiovascular risk matched. Prevalence of AsVD in our study (46.3%) is very similar to that reported in a previous study by Japichino et al (46.5%). 18 The higher prevalence of AsVD (66.7%) reported by Cader et al 19 could be due to visualization of carotid plaques and measurement of CIMT at the carotid bulb, and also because of differences in participants' profiles with diabetes mellitus accounting for one third of subjects recruited in their study; we had excluded patients with diabetes mellitus and current smokers. The high prevalence of AsVD in our study can be explained by the significant differences in the levels of some established cardiovascular risk factors such as blood pressure, WHR, proteinuria, GFR, LVH, and LAD in KTRs compared to controls.
We found a strong association between AsVD and cardiovascular risk factors. Age, WHR, Castelli indices 1 and 2, non-HDL, AI, LCI, serum fibrinogen levels, LAD, LVH, and mitral valve deceleration time were also significantly associated with the presence of AsVD in our study, comparable to results from previous studies. [18] [19] [20] [21] [22] [23] [24] Kolonko et al 20 found age, pre-transplant diabetes, LVH, and CVD to be related to CIMT, which is similar to our findings, despite the exclusion of diabetic KTRs from our study based on the known association between diabetes, dyslipidemia, and atherosclerosis. 25 Serum fibrinogen has been shown to increase inflammatory and atherosclerotic conditions, possibly through the elaboration of inflammatory cytokines by macrophages involved in atherosclerosis and subsequent stimulation of fibrinogen production by these cytokines. 21 In our study population, serum fibrinogen was significantly higher among KTRs compared to controls and also significantly higher among participants who had AsVD compared to those without AsVD. AsVD is currently viewed as an inflammatory disease and serum levels of fibrinogen have been influenced by several risk factors of CVD such as hypertension, diabetes, and inflammation. 22, 23 
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Oguntola et al Among a cohort of ESKD patients on chronic hemodialysis, serum fibrinogen was found to be higher among patients with fatal and non-fatal cardiovascular events compared to event-free patients. 24 Our study, which demonstrates an association between AsVD and LVH is supported by reports from an earlier study which described LVH as both a CVD and a risk factor for CVD. 26 Our study found that age, WHR, Castelli 2, LAD, LVM, and LVMI had positive correlations with CIMT; the association between increased CIMT and age had been described in a previous study. 27 Also, advancing age has been associated with diminished nitric oxide-mediated vasodilatation and reduction in total nitric production, resulting in endothelial dysfunction. 28 Increasing age has also been associated with other risk factors for AsVD such as diabetes, hypertension, and vascular calcification. 27 LVH is an important predictor of all-cause mortality among KTRs. 29 Our study showed a negative correlation between LVH and renal function (r = -0.25, p = 0.02), consistent with earlier studies in pre-dialysis CKD patients 23 and KTRs. 11 An increased WHR has been associated with cardiovascular events among CKD patients; 30 the finding of a positive correlation between WHR and CIMT in our study is probably due to the use of steroids by the KTRs but may also be explained by the fact that restoration of renal function after kidney transplantation reduces CKDrelated inflammation and malnutrition, enhancing appetite and weight gain.
In our study population, among all the lipid profile and lipoprotein indices analyzed, only Castelli 2 index and LCI correlated positively with CIMT. This finding could be due to the aggressive treatment of dyslipidemia with statins in our patients. Sub-analysis within the KTR group showed that Castelli 2 index retained its positive correlation with CIMT (r = 0.33 p = 0.035) while LDL showed a marginally significant correlation. There was no correlation between blood pressure and CIMT, possibly due to the aggressive blood pressure treatment in our KTRs who had a median blood pressure of 139.7/89.5 mmHg.
Age and KTR status were independent predictors of AsVD even after correcting for WHR, proteinuria, GFR, Castelli index 2, and LVH (Table 4 ). Among KTRs, only age >40 years predicted AsVD even when adjusted for LVH, duration of dialysis and post-transplant duration. Increasing age has been demonstrated to be an important predictor of vascular injury 28 and atherosclerosis has been shown to be associated with changes in CIMT early in the post-kidney transplant period. 31 This study excluded patients with diabetes mellitus, connective tissue diseases and inflammatory disorders, acute and chronic infections, and smokers. Furthermore, only stable, black KTRs were recruited. This could have contributed to the lower prevalence of AsVD seen in this study compared to the other studies alluded to in the discussion.
In conclusion, AsVD is common among KTRs. Strong correlations exist between CIMT and age, WHR, LVH, LAD, ejection fraction, and mitral valve deceleration time. Among the KTRs' lipoprotein indices, namely Castelli index 2 and LCI, showed a better correlation with CIMT than conventional lipid profile parameters. Age and KTR status were independent predictors of AsVD. The findings of this study suggest that serum fibrinogen, Castelli index 2, and LCI may be important surrogate markers of atherosclerosis in KTRs. It is recommended that the levels of these markers be determined before renal transplantation and monitored in the post-transplant period. In addition, we also recommend more aggressive surveillance for AsVD among KTRs older than 40 years of age.
